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(54) WEAR RESISTANT CHROMIUM-BASE ALLOY 

(57)Abstract 

PURPOSE: To form a build-up welded surface layer free from the generation of solidifying cracks at the time of 
build-up welding and excellent in wear resistance and toughness by building up a Cu-base alloy obtd. by 
incorporating Ni, Fe, Co, Si, Cr and the other specified small amounts of C and O into Cu on the surface of a base 
material metal by welding. 

CONSTITUTION: For the purpose of improving the wear resistance, heat resistance and toughness of the surface 
of Al series or the like of a soft alloy member, a Cu ailoy having a compsn. contg., by weight 10 to 30% Ni, 2 to 15% 
Fe. 2 to 15% Co, 0.5 to 5.0% Si, 1 to 10% Cr and 2 to 15% of one or > two kinds among Mo, Ti, Zr, Nb, V or the like, 
furthermore contg. X% C and Y% O (where 0<X<0.5. 0<Y<0.5 and Y>-0.8X+0.04), and the balance Cu with <0.02% Pb 
as inevitable impurities is build up by welding with high density energy such as lasers or the like. The generation of 
cracks caused by Pb having a low m.p. at the time of the build-up welding can effectively be prevented, and 
surface treatment excellent in various characteristics can be executed to the base material. 
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(57) [SttJ 

ki»jl-j-4o 

IflfJK] Ni : 10. 0-30. Owt%> F e : 2 . 
0-15. 0wt%, Co : 2. 0-15. 0wt%> 
S i : 0 5 - 5 . Owtl Cr:i. 0-10. 0 

4 , llX*i2t£l±: 2. 0-15. Ow't%m, 
COSSiraiSrXw t %, 0*>«SiDSS:Yw t %fc Lfcfc 
Tffi (1) - (3) aov^-rix*>»fc"*-«H^*SD 
i^CS^/ZiiO^^ 
0 ^X^0. 5 ■■• (1) 

0 ^Y^0. 0 5 — (2) 

Y^-0. 8X+0. 0 4 -.(3) 
?SS&C u J: *) %Z>Zt*!&mt1~2>o 




1 

im^m 1] Ni : 10. 0-30. 0 w t %, F 
e : 2. 0-15. 0wt%, Co!2. 0-15. 0 
wt%> Si : 0. 5-5. 0 w t %, C r : 1 . 0 - 
10. 0 %, &Xf\ZM o> Ti, Zr, N bRWV X 

%h&frhm\tixb lmxit 2m&±. : 2 . 0-15. 

0 w t 

C<7)i£iJDi:£Xw t %, Oco^Jal:* Yw t %t Ltzt 

^ te (i) - (3) ^<D^?tii>mtii-mm<Dmn 

0 ^X^ 0. 5 •-(!) 
O^Y^O. 05 - (2) 

8X+0. 04 - (3) 

o 

[Hff*«2] Ni : 10. 0-30. 0wt%, F 
e : 2 . 0-15. 0 w t %, C o : 2 . 0-15. 0 
w t %, Si : 0. 5 - 5 . Owtl C r : 1 . 0 - 
10. 0 %, fttfCM o, Ti, Zr, N bRZ/V X *3 

%z>mfrhw\*ixz> 1 ax** 2 well : 2. 0-15. 

0 w t 

C^SQj:£Xw t %> 0O£M^Ywt%i:l/^ 
£ > TE ( 1 ) > (2) xt/ (4) a:^v»fjife*fct 

O^X^O. 5 - (1) 

O^Y^O. 05 (2) 
Y^- 0 . 6 X+ 0. 0 3 - (4) 

a«CuiD4ij, ^BrjB^jMfcfcL-ropboflSjn* 

tO. 0 2w t%JaT*-Ufcii:«:«W:i:i-*iit*«tt- 
C uS^^o 

[ 0 0 0 1 ] 
[ 0 0 0 2 ] 

**fO*lB*ni»afc LT, ft* 

i-iaW^fflSitrv^o #H¥4-2 9 7 

5 3 6 li, IWttJ:»fc«ft 

t LT«^ttC u36#4ii> Ni : 1 
0. 0-30. 0 w t %, Fe : 2. 0-15. Owt 
%, C r : 1. 0-10. 0%, S i : 0. 5-5. 0 



(2) #KJ¥8 - 2 2 5 8 6 8 

2 

w t %, C o : 2. 0-15. 0wt%> SfctfKMo, 
W, N bRWX 0 %Z>&frbM\2tiZ> liW± : 2. 
0-15. Owt % * »«B**«itWF«r»^«» 
J: *3 £4 &<7)-T£>4 0 

[ 0 0 0 3 ] d<0»Jef£teC uS^lt Mo, W, N 
bRZfV<D-m&±Z£fct1-2>mt%) (Mo (W, N 
b, V) yn-fK) ajm^fc^toEKffltfCu-N 

mtvowmzi-te. HV1200-1300 mm<omz 
5 0ot:8Ktt±oiaKf, 

Ofiv«»rt^LT»ft* (Mo, W, Nb&tfV 
»«F*w#»LT C uMfSI^So Cu-N i 

/:^oT, Kft££tt*ft**£& |p]± 3 

20 [ 0 0 0 4 ] 

*ftteC uMi* Mttttfl-fc Ltfflv^i/-f-f(7) 
x^jv^-nj: »9 fc> (tf — K) 

X «9 &{&Wc#tcS&&1-4 0 

30 #*6ttC u^^-CJi-f-OJ: i%ttm&m£t> tiT^b 

■ [ 0 0 0 5] *»Wli±|E*«H«*T&«*tfcfcO-C 

» RfrjJL-r 4 - fc *) "C S 4 »# ftte C u * fttt-T 

4dfc tJBSti-^ittWaHfc-r* i^C*4 0 
[ 0 0 0 6 ] 

HE«W»«ftttCu^4l^ Ni : 10. 0-3 
0. 0wt%, Fe : 2. 0-15. Owt %, Co: 
40 2. 0-15. 0 w t %, S i : 0 . 5-5. Owt 

%, C r : 1 . 0 - 1 0 . 0 %k f^tCM o, Ti, Z 
r, NbS^/VJ: fj 4 4»**e>»ttL4 1 2 «Jtt 

±12. 0-15. 0wt%i^ CO«61lDfS:Xw 
t %, O^«*0»* Yw t %fc L/jfc ^, TIE (1 ) - 

(3) &<D^i*tii>mfc?mmwmm<DCRzf/xte 

4o 
[ 0 0 0 7] 

O^X^O. 5 - (1 ) 

50 O^Y^O. 05 - (2) 



(3) 

3 

8X+0. 04 - (3) 

ttz, ±faaa«:»ft-r-&»**2fs«o»«igttcu 

Ni : 10. 0-30. 0 w t %. F e : 
2 . 0-15. 0 w t %. Co : 2. 0-15. Owt 
%. Si :0. 5-5. 0 w t %. Cr : 1. 0-1 
0. 0%. ffitfKMo* T i . Zr, Nb&XfVX 0 & 

h&frbmiftiz imxte2n&± : 2. 0-15. 0 

wt%£^. C^W^Xwt%> OOj&iPi4:Y 
wt%tLfct^TE(l), (2) XCf (4) 

4 0. 0 2 w t % JiTC I t 1 1 ^ 4 <0 
[ 0 0 0 8] 

0 ^X^ 0. 5 ( 1 ) 

0 ^Y^ 0. 0 5 - (2) 

Y^-0. 6X+0. 0 3 (4) 
[ 0 0 0 9 ] 

/X*4 0#W^OiKiP*'ei6iDSix'C*i)^ -fubOTt; 20 

t^:^:«^o Co. Mo. Ti, Zr> Nb. V 
ri*S i fc t 6 KjSiPSiftfcC u — N i ^g^fc:*3V/*T 
J±. Cu-Ni^flfiv.h'j7^^*l:ift» (Mo. 
Co. Ti. Zr. Nb. V^O^M*) fc^WSKffl 
a*5MRLfc»«i:*-&o ^OS-fMfci C u -N i O « *B 

*B»«S^**o fit, 8ft»«ttIBCu-Ni© 
affiOltS^Jt3£LT.*:£v> 0 WiLtf, Mo S i 2 <7>J£ 
S**9. 2. WS i 2 cOJtS^l 9. 3 X'$>2><DKttl, 30 
T. C u — N i <D a ffi<DtfcS.l$ 8 . 9tWo «10£ 

[0 0 10] L^U C***iDSiXT^4 1. «x.tfM 
o 2 C«*>J*ft» (it*: 8. 2-8. 9) jWMMBO 

0. Mo. Ti. Zr. Nb. VfOStt^S, ft 

aft*ttJtfiO/h5i>^-fk»- (Mo. Nb. V. T 

1. ZrjfrftW) ^SKmftft^u^:^, 40 

Ku-Ni co h >J K:«^^M*L 
fc^lllii:ft■K zti\zxi)um*ft±L, L»ot^ 

[ooii] ::r% if*^ i fs«o»^«t±c u*^ 
3rn£\,vc. c^asip***o. 0 5wt%*i (x< 

0. 0 5) TMi. ±fB^fc»t«fc-f4tt^b-fr«^ 

o^jpgtio. 0 5wt%ai (o. 0 5^x) t-ra so 
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4 

:tWi^ 0 i^ CDflUnAaPO. 05wt%W 
± (0. 0 5^X) tabfLlf, O**aSS0?^Tv^< -c 

»i-&o — ^> coasjpa^o. 5.wt%*aA4t 

(0. 5<X) . ±EiMf»ihf*ffl»±ifeto4v^, ^ 

CcOjSiPfi<^±Pl*i0. 5wt%tt4 (X^0. 
5) o 

[0 0 12] OtKiP-f *K ^3^®S 

ffii:S i 0 2 OftlR^gftSftSo «IOS i 0 2 COS 

^14C u^^tc^v^T. OOj8iP»**^&»r& fc, 
±ES i 0 2 ««JRK:J:*«ix»W»***3p+»i:ft 
£ Q OOj6JP** f O. 0 4 w t %W (0. 0 4 

^y) -c**uf. c**«6lni**xrv^a: < r -f^^ 

X=0"C*o-C4+»4fflix«liW»b**:*»1-*o Lfc 
rt*oT. OOjg&iPltiO. 04wt%fli (0. 0 4^ 

Y) kt4iii*BJLv> 0 O^jginfiri^igr 
*»»ip«t?a****«K^±#L, r>u5 

A CO** «t otfifif K \£ > * - 

OflSSPiO Jiffili 0 . 05wt%i:t^ (Y^0. 0 
5) o 

[0 0 13] ft i5, !S*aifS«OB*^ttC u&>&^ 
fci3V*T\ C<O*&flP*rt J 0. 0 5 w t %*S (0<X< 

o. 0 5) <nm&, mm o) st, i-^-^y^-o. 

8X+0. 0 4 SrflH*:i-$Effl"COOflSlP* (YOffi) £ 

too. catrooa*o«fL»tt»***»t»sfL*fc 

[0 0 14] ifc. B|*«2IBflOH-«KttC uat** 
ii. CXtf/X^O^^O^lJO*T^Jp$n^i: t 
frC. ^ oJS/F» i I T ^ P b (7)SiDl^ 0 . 0 2wt 

ffitw. Pbi^O. 0 2wt%£lTtt*uti:J:4Ja 

fc*«WO-fr4K:** tt^>>[i&07cmi: tit A,£*i#^K£ 
t/cftv^ 0 H^tc. *36Wo^oafi* IfflOBuftli 
ftHOOm^^ML PbOBjSB3 2 71CC 

*>^ 0 z<Dtz£>, fam&mmz&^x, Pbiit» 

*t?««4: LTRfJ. -FOfflOiaKSliftl 0 0 Oti 



5 

Ilt-i>Pb LTt9n.*^41-^ 0 «*S2ie 

m&miRizi-p bnmmmi: o. 0 2wt%»Ttt 

[0 0 15] LtA'ot, MIWIltLTWPbO 
mmiO. 0 2 w t %0.7 i: L 2 Etwse 
^ftCuMit-li, CS.^OW^iDSwfeH^W*^ 

i mw.coc u^^tit^T^ina^te^LT^s +35- 

§J-«3€t4C u^g-^Js^T, CiO^Ds/4 J 0. 0 5w 
t%*?S(0<X<0. 0 5 ) Oift-fr, lWfffi ( 4 ) 5*x 
t5t>^YS-0. 6X+0. 0 3 fcfiSt^-fieB'CCXT) 

CDmmtfO. 0 5wt%JSLL (0. 0 5SX) T'fe 

(±0. 05wt%fl± (0. 05SX) k1-Z>Z b&lfr 
S Lv> 0 f7t, O^ilD-i^O. 03wt%m± (0. 

0 3^y) r-ifctuf, c^SD^nrv^ < ti, -r& 
*> x = o x * o r <b & « n m®m%: * f§*-r z tz 

O<7)gs2JDfi(i0. 0 3 w t %tt± (0. 0 3s£Y) 

li, !f*aifE«^C u*^t|B]#(7)aS^J: C 
l±0. 5wt% (CS0. 5) , Ol±0. 05wt%» 
T (OsS 0. 0 5) i-t&o 
[0 0 16] £«bK, If*^lS.t/if*3g2|fiK«??Cu 

zmiz, my k^th^^^o if- j§BM^ 
mtmmMLr^zb, mmLtzm^tm^>r^ ? 

yayX;K:i±iot, feM^S *) m&T Ltz *) , 
«&C/<774«I < k ^■ofz^%b&tf$>Z>o - 
tT-WtLT, !f*ISl 2 fS«?)C u^-g-^T* 

[0 0 17] •ffe(0|a^53-coPl^Sft^J^Tic^ 
(N i ) N i ti, -fBJiC u CiILTCu -N i *@£ 

^xsp^^b-r^o tfc, n i a. »^«i4^ffi]±^-e 

*S»t-i5Co, Mo, Ti, Z r, Nb. V, Cr 
S-JfF e £^*^La6£7t#K£^&j£:53-T-£>&o Ni 

<7)^jjd** j io. o w t %mnr-u, tt^:<0 C u - N i 

K-tffiC o, Mc'Ti, Z r, Nb, V, C rSU'F 



(4) - 2 2 5 8 6 8 

6 

e £gsSD-C-#.z.i^& < -yj. N i comuiZX 

&£commmt ^ocuiifrti 

1>m%iift-2>?zlt>, JtPl£30. Owt 

%*mt Ltzo Lt^t, n i (omam.cofs.mit 1 

0. 0-30. Ow t%t Ltz 0 
[0018] (F e) F e li. ^comm^iZH^X ^ 
Ni, C o kmffiooMZ £ U *tihco-%!>kW.%Wkz. 
4;H ? t-^„ c\(Otzib, N i , Cofl- SB£F el: 
10 lljftiSiiCJ:*), Mo. Ti, Zr, Nb, V<£> 
igJSiiCWK, 7int'jyf> Sr-Kffll- £ i t tfX § , 

comma, ffiitj^in^ij y-fv^coF e^-mtt 

^■iOMOv Ti> Zr, Nb, V^f^s^^, 2. 0 
-15. Owt%tLt. 

[0019] (Co) C oli, CutpiziHlkA,t°mm 
■it?. N i CO-U t -g-^-ffc L. Si, T i , Z r , N 
b, V, C r RlfC k t ^ ^Sifi*«-g-fk^% 

l> &<&commHmft± z c o comm-stf 2 . 
20 owt %^mr'H. wtfcznz&m&m&it^co&tf 

*+frr-*>>0, if«tt«Tt5<. Co coma 

3:56*1 5. 0 w t ^14*«-^-(b^^ii 
*J^ff^?ix, &£com&i>mTir2>k k 1 1-, fStl^ 
S^i^LT^SSit^Eiii&^o LX:^oT, C 
o <7)^Dfico$Elili 2 .' 0~ 1 5. 0wt%fcL7fco 
[0 0 2 0] (S.i ) S i fi, N i tlft%^J«Lt 
-7 h "J y f XUi^it-tho ttz. S i fi. 
|pLt£-£.!>/£53-T*&£ C o. Mo, Ti, Zr, Nb, 
V, C rSt/C k k i>iZ-&m&m&it&%diM&L, 
30 £<73lt,^f£'!±£[ci]±£-££o S i co^iDl:75 s 0 . 5wt 

T*fetl, »^«tt/4MST1-^»o -73, S i comnwitf 
5. 0wt%*iHt, Ni mt'®RTf-g s mkWL&it 
^^'Mmiz^^ft^ &£cD®.&tmT-fZ>o Ltzff 

ot, s i comuMcomma o . 5-5. owt%a 

fz 0 

[0 0 2 1 ] (Cr) Crli, C u ^KtitJ k ^ 

•^r, n i tf?-as;&£/c 0 t-e-^tLr, mmmifa 

±?-ti-^o * fe, C r (2, Si, C o. Mo, T i , Z 
40 r. Nb, VMCitt CS»j£tt'frft*»*J&£ 
L, ^<0»^tt^(S)±$-^^o ^ibtC, Cr(±, 
-V-'m^m^ff Ttii&lZ. O t^LT^^LTt^b 

^.o CrOlM#l. 0 w t %*«T-ti, f^gti.^, 

-T-So — 75, C 0 ^r^JlD*/4 f 1 0 . 0wt%^x.J 

t, nm^M^t^mmmizmwL^iv. &&comm { 
mkbio Ltztf-oX, c ocomumcoffi.mit2 . o~ 

50 15. Owt %-fc Lfco 



7 

[0022] (Mo.TLZr.Nb.V)Mo.T 
U Zr, Nb, Vli. Cu fc#LT»#ft#4v*0^ 

itLX, B«fett*rIfi]±S-*4o Mo. T U Z 

r, Nb, Vtt, Si. Co. C r Rlf C t £ 4> ICffiM 

Mo, Ti> Zr, NbatfVJ: «9 4r4S*^Stf*L* 

iaxti2aja±<DSJps**2. owt%*»ti±, ^ 

tt^STt^o Mo, Ti, Z r. NbMVi: 10 

5. 0wt%i8ii.ikx S»jft*M^iS«li:« 
±#LT»*«a* f Hlti:4*o Lfc^oT, Mo. T 
2ttia±OJ6iP*^IEHtt2. 0-15. 0wt%<hL 

fco 

[ 0 0 2 3 ] 

(Mill) *1 K»Lfcft*0»JM«tC 
* (8 0 -3 5 0 >r>a) Of*T Fv>fXfet:J: *9 

^iiL/^o :ossn, #-fr*»*tjprtri 7 0 or 

gJKKJP&LTft 1 0 0 k g ^)*JR»»t U 
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[ 0 0 2 4 ] 4i5. Otf>i&iPfiii. 7hv>fX-f^> 

b*. A U P. S. Sn. Zn. Bi, Sb> Mgt 
^aSiPitcov^T«iRp^©J®l LT^ft^ 0 Z(D?z£>^nJ 
»^*Mfck LTOP bfiO. 0 3wt%SS§t?nt 
i3 *K A U P. S. Sn. Zn. B i > Sb, Mg# 
ti^ftT-0. 5 w t %gJK^StLTV^4 0fc#x.fe 
ft£ Q 

[ 0 0 2 5] (»*«3lft*tf^fMB) * 1 

l£o ^ 1 0 0 k g a* *>±ia7 

-fXftfc J: 9 ;X;ni^ea^ 

ov^T 1 5 0 0T3^#J 1 5 t:/m i n<^£fHlJKt^ 
HHH>^ h<o*&»rffiotB3§S*: Ltp^^ii: 
J:»?ffo7to foe***li:^to 

[ 0 0 2 6] 

[*1] 



(6) 
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No. 7«\ ©*<7)ffi#f&l/y X;uEflS***?>ttfco - 
•fttt. JtKflJ^&N o . 7tlt C«iPUJ:*««fWlih 
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Ki'iliiU 10X10X5 5rami:tt±*ffct^**> 
^;utT-«*«»-r&- t*-J: *9®5£ft (4Ma : k g f 
•m/cm 2 ) *SJ^4^tUJ: Offofco -t^fe* 

iNo. 1-61^ SSffi^ftLtl. 0kgf-m 
/cm 2 J2Ui*»K itW^fNo 7, 8 fcJfr<T1 
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[ 0 0 2 9] ±KfSj60O 1 Hiv^t, M o <Dftt> 

*) KT i . Z r . N b3ttiV«raSJDLfc»-&^> Mo. 
Ti> Zr, N bRVV J: 0 4 4S*featfiiS 2ttfl 

(^mm 2) Ni, Si, Co. Mo. Cr; Fe RXf 
O^^iJD*^. -ttl-PflN i : 1 6 . 0 w t %. S i : 
2. 8 0 w t %. Co. : 7 . 4 0 w t %. F e : 4 . 9 

0 w t %. 0 I 0. 0030wt %— U C^^JJD 

8 0 - 3 5 0 ^7 yi^M**i^o 

#J 2 TMi. >pBUS>F*6%fc LT<OP b^. A 1 . P. 

S. S n. Z n. B i . S b. M g*tf>i6iP*fcov*T 

^Pb(±0. 03wt %8S^# S ttT £ ^ AU 
P. S. Sn. Zn. Bi> S b,. Mgf li^tttO. 

5 w t Sixrv^ &<£>fc#£ib*i£o 

[0030] — m i xt/ng 2 n^-r «t 0 ^> r^s 

( J I S AC 2 B*@e§. C u : 2-4wt 
%, S i : 5 - 7 w t %, M g : 0 . 5 w t %J^T. Z 
n : 1 . Owt %&T\ F e 
n : 0 . 5 w t %J^T> N i 

1 : 0, 2 w t %JSIT\ A 1 
85 0mm, S£ : 4 Omm^Mf^ h feT-* 1 £ 

[ 0 0 3 1 ] * IT, ±IE4S-&*»*4:fflV»T. X* h 
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1 . Owt %J£JIT> M 
0. 5 w t :%£IT\ T 



: 4. 5 kW 
^j^rti : 3 — 1 0 mm. 

SlSiiS : 9 0 0 mm/m i n 

K#\* : A r 

K^SEi : 1 0 ] J * h ;u/m i n 
fi]t&mZ : 1 . 5 - 2 . 5 mm 

"To h t:-*gfc£ 1 0 01@ 

[0 0 3 2 ] (»Jtt§§£^) = I (ifl*Lri*S&&L£x* 

h / (^^^ h I xioo (%) 

BI3^^W?>^4J: -9 Hh' C<^«SiDS*0. 0 5wt% 50 



^k!»<7)S** T e - £ <o fc*t lt. c **«Jd ?nrv^ 

t. Mo 2 C§^»oait:i<ffl^, #*L 

Kr^s-****^**^*^ Cu-Ai^Ni- 

N i - A 1 *O^JRWI<fc*»li. tf- Ktt»rS***0, 

[0 0 3 3 ] ^ciT\ MlxZk&MK'o^x &tih « 

20 /^^y- h3t:C uMS^itMt «^ ■ 
C£ifetJPLT^iv>«£\ H3 J: 
ii 5. 5%^Jl±*i9. v 1 ; yf^ y YX\t 8 8 %^0»Jti 

fLtcWL. C.^0. 0 5 w t %&s±ffitU2tlX\<*2> 
«ixfl^**i0. 0 5%J^Tt**9, y'Jv^^Kt 
•*0. 8%lSlT^«lft»^* (^A*) Hffl-t 

[ 0 0 3 4 ] (^Jffi®^»f2g^*^ffFffi) ±taHiS^J 2 
■Cf»fe*ifc#«flE« 2 tcov^r. SSSffM^S: (%) *m 
30 ^fc 0 Ir^ioh, «BftU**ffv^ ffi^fS^* (%) * 

| (A-B) /A) X10 0 (%) 
A : WK«rO-r^ h 

04^?>M?)*4J:^ ti. c^^inS^ii^-t^^otL 

k -6 o lit. C^?SiPi**0. 4wt%^r@x.^> 

< a&«|pJU** 0 -<^i 7 ^C^KiPi^O. 4 w t 
40 aifMyftWti^tt, M0 2 C<7) 

cO±PIii0.' 4wt%tt^>uH J ffUv^ 0 

[0 0 3 5] (WK«^«*J^ffiKft^fFffi) ±ffi^Jfe 
^!l2^ib^>T. COr^JPm^ 0 . 0 5wt%. 0. 5w 
t %. 0. 7wt%tl/:3ai^«i2i:ov^t, 
^12ttT-^0ti¥K (SEM) £J: 9&JUUt*MfE 
L^fe*«:l2 5-I2 2 2 (c^1~o HI 5 -Si 0 

C^?^»PS^0. 05wt%tL^t^t:«^ ill 
-0 1 6ri*COj&iJP4£ 0. 5 w t %t Ltzi><Dlz$k 

y), mi 7 ~-m 2 2#coasip** 0. 7wt%a/: 
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fc<OU#*o itz. 0 6 -0 1 0. 012-016, X 

[ 0 0 3 6] ztLh<om&hmhfr & * i \z s ttitm 

(M o C) US-fb»**#*1-* J: 9 

LTTg/SSftTV** £ ki)*t>frh Q 0 17-0 

[ 0 0 3 7] (?Mt*^#«teffffi) ±ffillJS^J 2 Kts 
v^T, C^)^iDfi*-0. 0 0 0 6 wt%, 0. Olwt 
%, 0. 03wt%, 0. 05wt%, 0. lwt%, 
0. 2wt%, 0. 5wt%, 0. 7 w t % fcS^ffcS 

iai¥I^i2 3 -0 3 0 ^mto Hi£B#»4> 

(^si^s : i o - 1 o 2 t/ s e c ) \z x *) mm 

[ 0 0 3 8] 0 2 6-0 3 0 JtZTfi-fX 1 ^ C<Dfa1)Ulk 
(X) *0. 05wt%a±tt*-fcJ:J:»3> ftft* 

& d i#:b7&**o dtUC^L, 0 2 3 -0 2 5 C^-tct 
CoaSiD***0; 05wt%tl(X<0. 0 

5) mtm m<&z-&uft) **t«u»*l 

[ 0 0 3 9 ]. (fOfeffll 3) Ni, Si, Co, Mo. C 
rXtfF e©«ln»*. -ttt-PitN i : 1 6. Owt 
%, Si : 2 . 8 0 w t %, Co : 7. 4 0 w t %, F 
e : 4; 90wt%- fck C RtfO O^Jnft 
tilt, ±B*«« 1 fcWIW^ffiHJ: 0, 8 0-3 
5 0>^>i^4ft**»fco £4^ **JS^J3T* 
(4, ^Pr»^itt»fc LT^P AU P, S, S 

n, Z n, Bi, S b, M g *a>*ira*fcov*T *44*U 
»J»L"tv>fcV\, Z-<Dtz*b^ 7p*i&&mmk LT<OP b 
(4 0. 0 3 w t tLT45 >5 , AU P. S, 

S n , Zn, Bi/Sb, Mg ^{4^ItT* 0 . 5 w t % 

[0040] fit, jtiEHifc«2 fcm«K. y« 
1^03 n:fto 03 l*. OSH±*lit«£* 

** 0 . 0 5 %J^T, A£Pi4#J;ftS££sM* 0 . 0 5-1. 
0%. xEpt4t{|ti^^^l . 0%£l±-C*0. a6P«4 

£$t4, £f * h fcT-*»* l 0 Offlfc LT, TB*»: 

[ 0 0 4 1 ] (ffl*aj&£^) = I («*l**«M-L*:x* 

h / (£-r* h I x i o o (%) 



(8) #§S¥8 - 2 2 5 8 6 8 
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03 1*5)«t*4J:^:, CO«ftj* (X) &tfO?) 
^JQ» (Y) £HufiE (1) - (3) *0^fHt»fct 

^vlh^T-i/jo 0 3 1 A* (0. 0 5. 

0) fc. B* (0, 0. 0 4) fc**§-£fi»**Y = - 

0. 8X+0. 0 4T*$>£o 

[ 0 0 4 2 ] (HJS01J4) ^nliBJRretti LTCOP b 
^, AU P. S, S.n, Zn, BU Sb, Mg^cO 
10 ^Jn»£, »»-T h^>f Xlg^rfiALftv^CIW 
fU1-&£ i: K4 *K J0LTO4 o Izmm+Z - t J^M4, 
±!£Hi£#!! 2 fc H«tfc* . Ni, Si, Co, Mo, C 
r, F eRZfOCDmwmZ—fck U ri*o. COj&tra* 

[0 0 4 3] 1-4*>*>, P b <Dffil}UMte 0 . 0 1 w t % 
iU AU P, S, Sn, Zn, Bi, SbRlfMg 
oaSJnfi*4-&SfC0. 5wt 0 /otL/: o *LT, ±SB* 
*«2 4:|B|«^ V— FWffifcfiW fcflW 2 fcj&jfi L 

to" 

20 w&wtiwm) ±Ejt*«4"c»e>iifc#rt*»2c 

0 3 2 tc^i" 0 
[ 0 0 4 4] (*»J 5 ) ?F*TS^«» k LT<7) P b<7) 

^JPfl:^ 0. 01wt%tL A I , P, S, S 

n, Zn, Bi, S b RlfM g CO^ft^^JDi*" 0 . 0 
5wt%kt4iiMli, ±IB*iS«3 tra«*^ N 

1, S U Co, Mo, C rSt/F e £>8£Sn**:— ^k 

30 [ 0 0 4 5] *LT, ±IB*ffi«3.fcH#fc, U-"9*W 

ov^r, HiffiW3 kftfokzWft*V>&-n'<D§&±ft.tst 
Zm^tZo i<7)ISf^@3 3 ^^-f 0 0 3 3frt>Wbfr 

c<7)^jni (X) Stfocoasins (y) ^rtu 
!B (l) , (2) Rlf (4) A^v^-ftLtSlfc'rtEHi: 

t^ti^tHt:, Y£>*-)W§&£.*W5±-t&Zk 
tf-CSfco ^45, 0 3 3 P^C (0. 05, 0) t, 
40 Q,£ (0, 0. 0 3) kit£&m»#Y = -Q. 6X4- 
0 . 0 3 

[ 0 0 4 6] (HJ&^J 6) Ni, Si, Co, Mo, C 
r, Fe, CRlfO<vmtnw£, f itfftN i : 16w 
t %, Si I 2 . 8 w t %, C o : 7 . 4 w t %, F 
e : 4 . 9 w t %, C : 0 . 1 w t %, 0 : 0 . 0 0 3 
0 w t L, ^o. P b<0iSJDi*«*Se3EL-C 

fco *^JS^J6T'(4. ^pJ®^»6^ 

iLtOAU P, S, Sn, Zn, Bi, SbRZfM 

50 ^ k LTOA U P, S, Sn, Zn, B 



(9) 
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i, S bS^Mgli-g-ft-CO. 5wt%8Stt?itt 

[0047] -j-lt, ±fe^jt^ij2 tmmz^ u—vto 

— 2f, P b«Oi&t)0fi7$*0. 02wt%t8i.Si, Si 
K«*t«£*i*i**-r4o 10 
[0 0 4 8] ^'M^tmit LTCOA i , P, 

S, Sn, Zn, Bis SbJtl t Mgli v ^ffttfiB 
*, fi»*wx*-C**o fcrtfU AU S, S 
n, Z n, Bi, S b £ M g ti , P b taoT, *5£ 
W*&*W7C*UH»-f* (iSfif&ftiifC u -N i <7> 
a ffi-^ h 'J ? ^^.4 , ^@v#-ti>) ftj^SSBKiH 

?asii2 8 o o~3 o o cces^isi-^o z.<otzt>, 

A 1 , P. Sn, Zn, BU S bSWMgli, tR 20 

1 , P , S , Sn, Zn, Bi, Sb S^M g (O^iDa: 
l±-C§-?>/itt^'S:v>M*4f $ L < , *#WUUA 1 , 
P, S, Sn, Zn, Bi, S b XtfM g *><frtf"C 0 . 
0 5 w t %ttTtti- ttfttj-Z L>/>o 

[0 0 4 9] ^ISW-fr** U— y«ffl-r**&, 

Al, Y, 5r>a^)K Ti, ZrMHf rti 
S»*»e>*»dTir-5 lttXIi 2tt£Ui* 0. 0 1-0. 1 
w t %<OtlH"e^ftDi"-S i t ri*$f 4 i ;ft,ib<7)7t;S? 30 

(±, Ix-Hf^^U, O t^-g-LT^^K-fk&KSr® ' 

r, auEfcfcM:/-.* t kK, »»^"-^ 

^a^-ffc-t^o -<7)^ffll±, Al, Y, 5yva.^? 
;K T i , Z rMH f <757C«*#?*T-v^DL^lfg-e 

d k § * o ±IE7C*W-g-ftW^iDS** 0 . Olwt 

^, ±f£7C^O-g-It<7)^JDs34 5 0. lwt%£@x£ 

[0 0 5 0] ±i£<7?Hift^lJT*t±, w 

X7 % T-t^l^-V**^, Ti g^Ofi&SDE^ftUfc^T 
[0 0 5 1 ] 
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[EIMcoffi^^Ift^] 

[in i ] *»«o*»«tfflv^f^ h e-^ofsw&Bi 

[El 2] EI 1 OA-A»SrffiEI-e*&o 

[EI 3] C^SDS (X) k*(n***fcOH«*3?-*-B 

[BUi-casira* (x) te-K«>fi*ii:o««* 

[0 5] caSiDft&O. 0 5wt%a/:$^#i: 

& o 

.[12 6] C^iPg^O. 0 5wt%a/:«^: 

[0 8] C^Jpg^O. 0 5wt%a/:«B^: 

[H9] cmm^O. 0 5wt%i:L/:$P^it: 

(S i f&ft<Dfr*m-fi><D) X-lhho 

[mi 0] Ci$#P»£0. .0 5w t %fc Ltz*&W&& 

[gill] C»»^0. 5wt%a/:$PM4t: 

[mi 2] CgsiQa:*- 0. 5wt%'kLfc*«t^i: 

(Cuifl-©**r^t<)<0) t*i 0 
• [Ell 3] C«*D**0. 5wt%fcL!t$H^i: 

(N i ^(Dh-^-f^^) X'&Zx, 

[014] CSJPi^O. 5wt%tL/:$»iC 

[HI 5] CaSUn**0. 5 w t % k L 

[mi 6] cmnmzo. 5wt%tLfc**«B^i: 



(10) 



#§3¥8 - 2 2 5 8 6 8 



17 



18 



[El 7] C&JOifcO. 7wt%iLfcJfctWg-£K 

[HI 83 CiSSO**: 0. 7 w t %t Lrt:Jfc««'fr£K 

[HI 9] CSJnSSrO. 7 w t %fc LfcJfctt«-fr£fc 

[12 1] Ci^Jpfi^O. 7wt%tL/:WJ^C 

[12 2] C^iP**: 0. 7 w t %h LfcJttfc«-fr&fc 

[12 3] C 0. 0 0 0 6 w t %t LfcitttW 20 

[12 4] C^iDS^r 0. 0 lwt%kLfcJt««^ 

[12 5] CmuM* 0. 0 3wt%kLfcJtWli4 



[HI 2 6] C7&2JDS:£0. 0 5wt%iU:* 

[9 2 7] C^SDi^O. lwt%tU«**4i: 

[12 8] Cife&Di^O. 2wt%a/:$f^ii: 
«*K ||jS>f >=^y h^Bfffi^*^&&«ffl»**i"« 

[12 9] C*£SP»£ 0. 5wt%a/:««Mi: 
ifiif y^y b<DmWK&V&&fcffl&*7fii'M 

[13 0] C^iDi^rO. 7wt%tlfcJtWJ^tC 
[13 1] coiSin* (x) arfoosin* (Y) tti 

[13 2] CO*jD* (X) hH&tL&tk&ttDWl&im 

[13 3] CcOifetJPfi (X) RZ/OOmuS: (Y) t« 

[13 4] P b^aSSP*k«fLf&^i:OH«S:^"rBI 

[ff^^KW] 
2 \±fa&J§-ei>2>o 
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[Ell 5] 




[HI 6] 
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